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A PRECAMBRIAN CONTINENT MARGIN SEQUENCE 
(SLOPE DEPOSITS AND OLISTOSTROMES):
BOSTON NORTH QUADRANGLE, MA
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The oldest rocks of the Boston Platform of eastern 
Massachusetts and western Rhode Island are present in a south­
westerly trending belt between the Boston and Narragansett Basins 
to the east and southeast and the Lake Char and Bloody Bluff 
Faults to the west and northwest (Figure 1). The metasedimentary 
and metavolcanic rocks within this belt in northeastern 
Massachusetts comprise the Weston Group (Skehan and Murray, 1980). 
On this field trip we will examine a small portion of this 
metasedimentary sequence that lies within the Boston North 
quadrangle. These metasedimentary rocks are the only ones I have 
found in the Weston Group that preserve primary sedimentary 
structures and elements of original textures.
Stratigraphy and Age
Precambrian stratified rocks in the Boston North quadrangle 
were assigned to the Westboro Formation by Bell and Alvord (1976). 
They recognized that much of the unit was not a quartzite as it 
is near the town of Westboro at the type locality, hence they 
modified the name and generalized the description to include 
same slates, schists, and gneisses in the quadrangles between 
Marlboro and Boston North (Figure 1). Nelson (1974) refined the 
stratigraphy of the Westboro in the Natick and Framingham 
quadrangles and correlated the middle part of the unit with the 
Plainfield Formation of Connecticut and the Quinnville 
Quartzite of the Blackstone Group in Rhode Island. Most of these 
correlations are rather tenuous in that they involve amphibolite 
or higher grade rocks in structurally isolated and distantly 
separated blocks. I favor a separate unit of formational rank 
for the metasedimentary rocks within the Boston North quadrangle 
as they are lithically distinct and I accept the tentative 
correlation of these rocks with some portion of the Blackstone 
Group farther to the south.
Figure 2 shows the outcrop area of metasedimentary rocks 
in the Boston North quadrangle (as delimited by Kaye, 1980) and
the locations of measured sections in structural blocks labeled 
I-IV. The thickest single section is about 600 m and Bell and 
Alvord (1976) report a total thickness of 1,100 m. Bedding 
generally dips steeply to the north but dip reversal and varia­
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Figure 1. Map of Boston Platform showing distribution of
stratified Precambrian rocks. Quadrangles shown
9BN = Boston North, L = Lexington, N = Natick,
9F = Framingham, M = Marlboro, W is type locality of
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and bottoms are very rare, but in two cases an erosional 
truncation and a possible graded bed indicate that the sections
in blocks II and III are probably right-side up. Bell and 
Alvord (1976) divided the Westboro in Boston North into an 
upper quartzite and gneiss member and a lower member of somewhat 
less than half massive quartzite. These members seem to be 
present in blocks II and III (Figures 2 and 3) but the two 
member scheme is unworkable for the entire outcrop area. The 
southern or lower contact of the stratigraphic sequence is not 
exposed; however, based on regional relationships, it is 
probably an intrusive or fault contact with the Dedham Granite 
and a fault contact with felsic volcanic rocks. The upper 
contact has been described as gradational into overlying felsites 
and volcanic rocks of the Middlesex Fells Volcanic Complex (Bell
and Alvord, 1976) , but evidence will be presented at stops 2 and 
5 that implies a profound structural and/or unconformable break 
at the top of the section. Correlations between stratigraphic 
sections (Figure 3) are not convincing. In a few instances it 
is possible to trace massive quartzite beds over distances of 
about 1 km. A very important observation made by Bell and Alvord 
(1976) is that many of the pure metaquartzarenite beds form
lenticular bodies up to 60 m thick and 1.5 km in length. At the 
scale of a single outcrop the stratigraphy is often highly
disturbed and discontinuous.
The age of the sedimentary sequence is imperfectly known, 
but U-Pb ages of detrital zircons from the quartzarenite beds 
establish a maximum of about 1500 Ma (Olszewski, 1980) and Rb-Sr 
whole rock ages from the cross-cutting Dedham Granite provide 
a minimum of about 600 Ma (Kovach and others, 1977) . Recently, 
Zartman and Naylor (1984) suggest that an age of about 620 to 
630 Ma is more appropriate for the Dedham.
Characteristics of the 5 basic lithofacies that comprise 
stratigraphic sections in the Boston North quadrangle are given
in Table 1.
Sedimentary Structures
Soft sediment deformation structures and intraclasts are 
common in some outcrops, (Figure 4) especially where beds of 
metaquartzarenite and metasiltstone are intercalated. Some of 
the soft sediment folds resemble tectonic structures and it is 
important to distinguish between the two (Figure 4C). Because 
of their complexity, often in association with thinly laminated 
and undisturbed strata, I interpret most of the small scale folds
to be seen on this trip as penecontemporaneous with slumping or 
debris flows. Some units, up to several tens of meters thick, 
have a very chaotic appearance. Irregular masses or blocks of
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metasiltstone, scale bar 
is 5 cm; E. laminated
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bed, note ragged 








Figure 5. Photomicrographs of typical lithologies. Scale bar
below photos applies to all photos. All with doubly 
polarized light. A. well sorted medium grained
metaquartzarenite, grains show moderate interpenet­
ration; B. moderately sorted fine to medium grained 
metaquartzarenite, grains only sightly interpentrating 
C. very fine grained metaquartzarenite; D. diffuse 
intraclast with grains "escaping" into metasiltstone 
matrix; E. metasiltstone with thin stringer of very 
fine quartz grains across middle of photo; E. meta­
siltstone .
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dark metaquartzarenite or metasiltstone matrix (Figure 4). In
some cases the blocks have a texture nearly identical with the 
matrix except that the block, blob, or patch has been more 
thoroughly cemented and in other cases the quartzarenite is 
clearly distinguishable from the matrix that surrounds it.
Possible load and injection structures are present along the 
bases of some metaquartzarenite beds.
Petrography
Petrographic characteristics are summarized in Table 1. The 
metaquartzarenite protolith is a mature to supermature sandstone. 
Quartzitic textures of an interlocking and interpenetrating 
mosaic of quartz grains with sparse muscovite are characteristic 
of thicker metaquartzarenite beds (Figure 5A). Occasionally a 
portion of the original detrital texture is preserved (Figure 
5B). Quartzarenite intraclast boundaries are often diffuse and
quartz grains seem to have been released from the intraclast or 
are floating in the surrounding matrix (Figure 5D) . This is good 
evidence that the intraclasts were only weakly consolidated when 
they were transported. Metasiltstones and fine metaquartzarenites 
are very homogeneous mixtures of quartz grains with variable 
amounts of chlorite, muscovite, actinolite, epidote, and horn­
blende. Bedding or any layering is very obscure in thin section 
(Figure 5C, F). Thin stringers of fine quartz grains are found
•  0in metasiltstones (Figure 5E) but grading is extremely rare.
A quartz-feldspar-lithic fragment plot is given in Figure 6. 
All fine to coarse grained meta-arenites studied in thin section 
are included in the plot. Most of these rocks contain from 70- 
90% quartz, 5-20% potassium feldspar, 5% plagioclase, and 5-15% 
muscovite and amphibole. The quartz content may have been
relatively higher in the protolith as some quantity of the 
feldspar is probably secondary. Chert and arenite sized lithic 
fragments are extremely rare and presumably were not present in 
abundance in the sandstone protolith.
Structure and Metamorphism
The metamorphic grade and degree of ductile deformation 
within the Weston Group increase to the west. In the Boston North 
area chlorite grade metamorphism predominates and locally higher 
temperature assemblages are present adjacent to plutons. A weak 
foliation or cleavage parallel to bedding is present. Other 
cleavages are absent or poorly developed. No definitely tectonic 
folds of outcrop scale were observed but larger scale folding
cannot be ruled out. Rocks with a strongly tectonic fabric are 
present at stops 6, 7, and 8 and are discussed in the stop
descriptions. Faults, fractures, and joints are evidence of 
extensive brittle deformation. Most outcrops show evidence of
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Depositional Environment and Regional Significance
•  9
The mature character of the sediment (Figure 6) is indicative 
of multicyclic sands associated with a cratonal or stable plat­
form setting (Dickinson and Suczek, 1979) . Olszewski (1980) 
demonstrated the need for a cratonal source for the 1500 Ma 
detrital zircons from the Westboro. He suggested the West 
African Shield would be the closest source if Africa and North 
America are arranged in a standard pre-drift configuration.
More recently O'Brien and Wardle (1983) concluded that the Avalon 
zone in Newfoundland bears striking similarities to Pan-African 
belts where supracrustal and cratonal margin sequences not unlike 
the Weston and Blackstone Groups were involved in 800-1000 Ma 
rifting. Dreier and Mosher (1981) proposed rifting, syn-deposit- 
ional mixing, and development of olistostromes as an explanation
for the chaotic character of the Blackstone Group and Rast and 
Skehan (1981) have described rocks of possibly similar age and 
origin at Newport, Rhode Island. The metasedimentary rocks of 
the Westboro Formation thus appear to be a part of this disrupted 
cratonal sequence widely represented on the Boston Platform.
Deposition on a passive basin margin or upper slope provides 
a good explanation of the stratigraphy and sedimentary structures 
observed in the Boston North metasedimentary sequence (Keith and 
Friedman, 1977). The soft sediment folds, intraclasts, quartz- 
arenite blocks and irregular masses resulted from a slump or 
debris flow mechanism. The large lenticular metaquartzarenite
masses may represent olistoliths that moved downslope as coherent 
but uncemented blocks (Hsu, 1974) . There are no exotic (ie. chert 
or basalt) clasts in the chaotic beds interpreted as possible 
olistostromes. Most of these beds seem to have been distorted 
but not transported significantly. Massive structureless sand 
beds with isolated intraclasts may have originated as grainflow 
deposits and the thin parallel-laminated very fine sandstones 
and siltstones as suspension deposits or very low energy turbidites 
(Keith and Friedman, 1977) .
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Inn at Danvers parking lot
Exit onto Dayton St. on north side of Inn: 180° right
on Dayton onto Armory Road
Left at sign for "Boston-Newburyport Rte 95"
Right at intersection; follow sign for "Rtes. 95 and 1 
Boston and Topsfield"
Left at intersection; follow sign for "95 south and Rte.
128 Burlington and Gloucester"; enter onto Rt. 95; 
Continue south 95/Rt 1
Cross over Rt. 128; continue south
Right at Lynn Fells Pkwy exit; Melrose and Stoneham 
Left for Rt. 1 north to Lynnfield; cross over Rt. 1 
Merge onto Rt. IN.
Right turn into parking lot immediately beyond Exxon 
Station. Lock cars and walk back south along Rt. 1 
up onramp to high cut along Saugus River.
Stop 1. Across the Saugus River you can see (from left 
to right) the Dedham Granite, a thick dolerite dike, a
large metaquartzarenite Xenolith or roof pendant (?), 
more granite, a smaller Xenolith followed finally by
strange looking dolerite dike, and more granite.
The Dedham is clearly younger than the metasedimentary 
blocks it encloses. Rb-Sr ages of the Dedham at this 
locality are about 600 Ma (Kovach and others, 1977). 
Minor folding and injection parallel to foliation along 
margins of large Xenolith are evident. Lithologies 
and contacts can be closely examined along west bank of 
river.
0
Exit parking lot and turn north (right) onto Rt. 1.
Go under overpass and immediately bear right onto Rt.
129 west. Cross over Rt. 1
Bear right onto Rt. 1 south
8 . 8 Take Lynn Fells Pkwy exit (east) toward Stoneham
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9.1 Right turn into Breakheart Reservation
9.5 Entrance to Breakheart Reservation. Park in lot across
from maintenance building. Walk north up loop road to
left of building about 800 ft. Take left at paved road
blocked by steel gate and walk about 200 ft. to dirt
road (Ash Path) entering from left. Take left onto Ash 
Path (at gate) and walk about 0.25 mile along path to 
only dirt road that enters from left. Go left about
50 ft. down the dirt road and climb outcrop immediately 
to left in woods to Stop 2.
Stop 2. Many of the metasedimentary outcrops in the 
Boston North quad, are like this one. Rusty brown 
metasiltstone and fine meta-arenite with irregular blobs 
and patches of metaquartzarenite. Many of the blobs are 
in strings as if they represented disjointed beds. Is 
this chaotic appearance the result of tectonism or a 
sedimentary process? I think the latter, but it certainly 
is debatable. After examining glaciated surface, cross 
the small ravine about 20 ft. to the east and observe 
the structures in cross-section and on a bedding surface.
Return to the intersection of the paved road with the 
loop road. Walk north about 200 ft. and climb steep 
rock face to the right to the top of the hill to Stop 3.
Stop 3. The sketch map below (Figure 7) shows the
contacts and distribution of rock types in this important
area and the stratigraphy is summarized in Figure 3.
When you are standing on the top of the highest bedrock
knob you are on flow banded and agglomeritic crystal- 
vitric felsic tuffs. Moving toward the edge of the cliff 
you can find several large pods of Dedham Granite that 
cut and include the Volcanics. Moving to the south you 
cross from Volcanics into a large brecciated quartzite 
block. The contact between the Volcanics and quartzite 
is not visible. The quartzite block has been engulfed 
by a presumably intrusive felsite. The two lithologies 
are very similar in the field. The southern contact of 
the felsite with the main sequence is exposed. Careful 
searching will reveal small Xenoliths of quartzite in 
the felsite at the contact. Please do not hammer on 
contact. The import of this locality is to cast serious 
doubt on the idea that the sedimentary sequence grades 
upward without serious complications into the volanics. 
This is an important point in environmental reconstruc­
tions. If the contact were conformable and gradational 
the supermature metaquartzarenite depositional environm- 
ent and tectonic setting would have to be compatible 
with a thick section of felsic Volcanics. I interpret 





was intruded. Walk to the south down the hill in the
All the way back to the road you are walking
in a massive, apparently unbedded, metaquartzarenite 
















Outcrop sketch map of crest of westernmost hill within 
southern end of loop road showing contact relationships 
of quartzites, Volcanics, felsites, and
Leave parking lot and return to Lynn Fells Pkwy. Take 
right turn onto Pkwy
Take right turn onto Main St.
Outcrop is on right; reverse direction and park on 
opposite side of road across from outcrop
Stop 4 Massive metaquartzarenite This rock is typical
of the thickly bedded mature quartzarenites A sample
of the gray quartzite contained 77% quartz, 12% potassium
and 11% muscovite.
and granitic intrusions are also
Head south on Main St.
10.8
11.4
Right turn onto Howard Si. 
Right turn onto Windsor St.
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11.6 Park on right underneath powerlines. Lock cars. Take 
right onto small trail into woods just north of power­
lines. Outcrop here is massive metaquartzarenite. 
Follow trail and road under or parallel to powerlines 
for 0.5 mile to a point where the road ascends a steep 
hill and makes a sharp 90° turn to left and back right 
again.
Stop 5. A sketch map of this section is given in Figure
8 and the stratigraphy is summarized in Figure 3. The 
southerly dipping rocks in these outcrops form a 
about 180 m thick. This is the best area to observe the 
various sedimentary structures illustrated in Figure 4.
Please do not hammer on structures. 
quartzite masses and blocks, and chaotic horizons
Massive metaquartzarenite beds are intercalated 
with fine metaquartzarenite and metasiltstone strata.
The contact of metasedimentary with volcanic rocks cuts
very obliquely across the strike of the sedimentary
An irregular basaltic dike or mass has been 
injected approximately parallel to the contact. All of
these features plus the presence of a brecciated quart­
zite suggest that the contact is a fault. North of the 
contact are outcrops of lithic-crystal-vitric felsic 
tuff. This tuff contains flattened "pumice" blocks 
suggestive of an ash-flow or welded tuff. If time 
permits you can follow the road to the crest of the hill 
where a small body of diorite intrudes a dark, 
grained, felsite (?).
Reverse direction and walk about 0.3 of a mile back 
along powerline to a point where a road climbs steeply 
up a hill to the left. Climb to the top of the hill 
near the base of the powerline tower.
Stop 6. The highest knob on the top of the hill exposes 
a blastomylonite zone at least 10 m wide. This is the
only such zone thus far discovered. On the weathered 
outcrop surface parallel to sub-parallel laminae of 
quartz give the rocks an irregular laminated 
Greatly elongated quartz grains are visible on some 
handspecimens. Figure 9 illustrates textures of 2 
mylonite samples from this outcrop. The localized
may be due to shearing associated with a fault 
mapped by Kaye (1980). The fault is approximately 
parallel to the powerline and no more than 100 m west 
of this locality.
dark f e l s i t e
b r e c c i a t e d ^
quar t z i t e
fe ls ic
v o l c a n i c l a s t i c s
f a u l t
c h a o t i c
bedding
d e f o r m e d  
bedding
Figure 8
Outcrop map showing stratigraphy 
and contact relationships 
metasedimentary and volcanic
Map
powerlines east of Griswold Pond.
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Figure 9
Photomicrographs of blastomylonites at stop 6. 
bar at bottom applies to both photos. a. meta
, B. poorly sorted meta-
Walk down hill and follow trail south back to cars
11.8 Reverse direction and return to intersection with Howard
St. Right turn on Howard St.
12.4 Bear left onto Elm St.
12.6 Rt. onto Lynn Fells Pkwy.
13.3 Go under railroad bridge and immediately turn left onto 
Vinton St.
13.5 Stop sign; continue straight on Vinton St.
13.7 Right turn onto Maple St.
13.75 Stop 7 is steep outcrop to right. Turn left onto 
Cleveland Street and park on right.
Stop 7. This is a difficult stop to visit with a large 
group as the outcrop is heavily vegetated and very steep
The cliff is on property and you should
Hammering isobtain permission before 
discouraged. Depending on the size of the group we may 
or may not study this outcrop, but I encourage those
to come back in smaller numbers especially 
when the leaves are off the trees. Lenticular masses 
and blocks of highly recrystallized
are found all along the cliff. The quartzite pods are 
boudin-like although randomly distributed throughout
metasilstone (Figure 10A). The rock has aa
clearly tectonic fabric and I
tectonized olistostrome. In thin
it as a
the quartzites





A. Outcrop at stop 7 showing elongated metaquartz-
arenite pods; B. photomicrograph of metaquartzarenite 
from pod, note crystalloblastic texture.
14.0 Continue straight (south) on Cleveland St. to
with Wyoming Ave; right turn on Wyoming Ave.
14.5 Cross Lynn Fells Pkwy; continue straight on Pond St.
14.8 Right turn and continue on Pond St., outcrops are on
right but we will continue up to parking areas at Stone 
Zoo.
15.2 Right into large unpaved parking lot (or left into zoo
lot if gate is closed). Park in the southern most area
of either lot and walk back down Pond St. to beginning 
of series of road cuts on east side of Pond Street. 
Cross carefully as traffic moves quickly along road.
Stop 8. The beds in this outcrop are illustrated in 
Figure 3 as subsection C. The metasedimentary rocks at 
this locality are strongly sheared and injected in lit 
par lit fashion with intrusive felsites. Some of the 
beds contain pods of calc-silicates, tremolite and quartz, 
in a strongly foliated metasiltstone. Some of the
intrusive rocks are very similar to quartzites in the
and one must look carefully to distinguish between 
the two. About 0.2 mile up the road there is a cut in
the side of a small hill. The rock is rather impressive
in that it contains abundant Xenoliths of quartzite and 
other lithologies in a gray felsite. This felsite is 
probably an offshoot of the Peabody or related granites 
exposed nearby. Note how difficult it is to tell what 





lot east of Pond St.
Climb to the crest of Whip Hill, to the east of the 
unpaved lot, by following the dirt road that parallels
the southern edge of the unpaved lot. A small trail leads 
from parking lot to the dirt road. Do not follow the
road up the steep hill but bear left. Walk about 0.25 
miles (swamp on left) and take right turn at intersection. 
Walk about 300 ft. and take road to left. After 100ft take 
road to left for about 50 ft. and climb right through 
woods to top of Whip Hill. There are several excellent 
exposures of the chaotic units examined earlier in the 
day. One metaquartzarenite block, about 5 m by 2m, is 
completely surrounded by chaotic metasiltstone with 
smaller irregular quartzite masses. Follow trails back 
to parking lot.
Exit from parking lot and head south on Pond St.
Turn left and continue on Pond St.
Turn left into small roadside parking area with steel
Lock cars. Take path labeled Virginia Wood to
stone bridge over small creek. Follow trail to right 
(just before bridge). Trail climbs for about 200 ft. to 
crest of low ridge. Follow ridge left through woods to 
outcrop along stream.
Stop 9. This small natural outcrop is characteristic of 
the fine elastics that are usually very poorly exposed. 
Metasiltstone and fine dark metaquartzarenites are
present along stream. A fault marked by a breccia zone
has disjointed and folded a felsite (?) dike. Meta 
quartzite occurs at top of ridge.
Backtrack to cars; continue straight on Pond St. to
with Lynn Fells Pkwy.
Left onto Lynn Fells Pkwy. Continue on Pkwy for about
4.5 miles to intersection with Rt. 1. Cross over Rt. 1 
and follow signs for Rt. 1 north. Continue north on 
Rt. 1 and/or 1-95 to Inn at Danvers. End of trip.
